Introduction
Balance is an important aspect of mobility and physical function. [1] [2] [3] While the effect of hip osteoarthritis (OA) on balance is unclear, knee OA has been reported to significantly reduce standing balance in the elderly. 4 Impairment in balance subsequently limits an individual's mobility and physical function, including activities of daily living such as self-care and transfers, 5 and is also associated with an increased incidence of falls. 4, 6, 7 Patients with severe hip and knee OA who are awaiting total hip arthroplasty (THA) or total knee arthroplasty (TKA) are reported to have a higher incidence of falls compared to the general population. 8 Also, one in four patients is reported to have a fall within 2 years following THA or TKA surgery. 8 The cost of falling is high, both to the individual (physical and psychological trauma) 5 and the health-care system (financial burden related to surgery and rehabilitation). 6 At the same time, costs related to the patient's inability to care for themselves and/or to be discharged to their home environment present additional burdens for the patient, their family, and the health-care system.
Studies examining balance following THA or TKA have produced conflicting results. Whereas Wykman and Goldie 9 reported significant improvement in balance in 21 patients at 6 and 12 months following THA compared to pre-surgery measures; Nallegowda et al. 10 reported no significant improvement in balance in patients following THA compared to age-and gender-matched subjects. Similarly, McChesney and Woollacott 11 reported no significant difference in balance in 22 elderly subjects who were divided into age-and gender-matched groups; one group had undergone TKA and the other was a healthy control group. Furthermore, Gage et al. 12 reported a decline in balance in 8 patients after 6 months of TKA compared to age-matched control subjects. Also, these studies did not report any rehabilitation measures that were used by the patients following surgery.
Following THA or TKA, a key criterion for hospital discharge, as well as post-operative rehabilitation, is optimization of the patient's independence in self-care, transfer ability, functional mobility, and safety. When patients go home and return to the community after hospital discharge, they face physically demanding challenges such as negotiating curbs, stairs of various heights, and uneven walking surfaces. The functional challenges that patients face require good balance skills to prevent falls. Although post-operative exercise programs following THA or TKA may vary across various rehabilitation settings, these exercise programs typically emphasize joint range-of-motion (ROM) and muscle strengthening exercises for patients following TKA [13] [14] [15] [16] [17] or THA. 18, 19 Balance component of mobility and physical function is not adequately addressed in these exercise programs. As a result, strategies to improve balance in patients who have undergone THA or TKA merit further study. Because balance is considered to be important for safe mobility and physical function, 19 Gage et al. 12 and Cavanaugh and Moy 20 suggested incorporating balance-specific exercises to improve balance after TKA. However, Gage et al. 12 and Cavanaugh and Moy 20 did not use balance exercises in their studies.
The purpose of this study was to determine the effectiveness of balance exercises in the acute post-operative phase following THA or TKA.
Methods
A randomized controlled trial design with two groups was used for the study. Potential participants for the study were recruited between April 2006 and April 2009 from a large outpatient home physical therapy provider. At their first post-operative home visit and before any assessments, qualified participants were randomly assigned by their physical therapist to a typical exercise (TE) group or a typical exercise plus balance exercise (TE + B) group using a coin toss method of randomization. Heads was allocated to the TE group, and tails was allocated to the TE + B group to determine the group assignment of each participant. The participants flipped the coin and were assigned to the exercise group based on the outcome. The participants were blinded to their group allocation; however, the physical therapists were not blinded to the group allocation of the participants. Participants in the TE group completed joint ROM and muscle strengthening exercises, and participants in the TE + B group completed joint ROM, muscle strengthening, and additional balance exercises. All participants were assessed before (baseline) and after (follow-up) the intervention period. Assessments of participants at baseline were completed at the participant's home by their attending physical therapist, who was one of the two participating physical therapists, having 3-4 years of experience in working with patients with THA and/or TKA. The physical therapists started administering intervention to the participants on the same day immediately after the baseline assessments were completed. The intervention program was administered for a period of 5 weeks. At the end of 5 weeks, follow-up assessments were completed by the primary investigator (one of the two participating physical therapists) within 3-6 days in a biomechanics laboratory at an academic center. At the beginning of the study, the two physical therapists visited one patient together for the first as well as the follow-up visits to ensure that similar information was conveyed to all participants with respect to instructions during assessment on outcome measures and also during implementation of the intervention. Ethics approval for the study was received from the University Research Ethics Board for Health Sciences Research Involving Human Subjects, and all participants provided written consent prior to participation.
Participants
Participants in the study were a sample of convenience of consecutive patients that were referred for outpatient home physical therapy following either THA or TKA. Patients' charts were reviewed to determine their eligibility with respect to the operated joint, any surgery-related complications, any contraindications to exercise, and other health conditions, for participation in the study. The inclusion criteria were patients who had primary unilateral THA or TKA as a result of hip or knee joint OA and had been advised by their surgeon to weight-bear as tolerated following their surgery. Patients with revision THA or TKA, or those who had been advised by their surgeon to remain nonweight-bearing or partial weight-bearing on either the operated or nonoperated leg, were excluded. Patients with neurological conditions, such as hemiplegia, peripheral neuropathy, Parkinson's disease, multiple sclerosis or spinal cord compression, and vestibular disorders that might affect balance, and those who were considered unable to communicate or follow instructions were also excluded from the study. A total of 63 patients (22 males, 41 females) with a mean age of 66 ± 10 years were included in the study. As advised by the surgeons, all patients were taking blood thinners for prevention of blood clots, and pain medication as needed following surgery. Some patients had other health problems such as high blood pressure and high cholesterol level which did not affect their balance or participation in the study and were taking medication for these health problems as advised by their family physicians.
Intervention
After completion of assessment by the physical therapist at the first post-operative home visit, qualified patients performed their home exercise program. Participants in the TE group completed joint ROM and muscle strengthening exercises, and those in the TE + B group completed joint ROM, muscle strengthening, and additional balance exercises (Appendix 1). Patients were seen individually at their place of residence by the physical therapist on the first or second day after hospital discharge, typically 7-10 days following their surgery. Thereafter, the patients were visited by their physical therapist once or twice per week until 5 weeks. Overall, patients received 4-6 home visits during the 5 weeks that they were seen for home visits. All patients received routine education about safety, transfers, and limb positioning, as well as typical exercises relative to their surgery. Those assigned to the TE + B group were also instructed in three balance exercises that they were to complete in addition to the typical exercises. The total duration of home exercise program for the TE + B group was expected to be slightly longer than that of the TE group. All patients were provided with exercise sheets that included written and photographed instructions for each prescribed exercise, an exercise compliance table, and a contact phone number for their physical therapist.
Patients were advised to complete 10 repetitions of each exercise three times a day and to keep a record on the compliance table. Typical joint ROM and muscle strengthening exercises were completed only on the operated leg. Each patient was taught the exercises in a sequence that the physical therapists considered most advisable-beginning with the simpler and progressing to more demanding exercises. Exercise execution and repetitions were reviewed by the physical therapist at each home visit. All participants were able to perform all exercises by the second visit. Also, all patients completed the 5-week intervention period.
Typical joint ROM and muscle strengthening exercises were chosen from therapeutic exercise literature for specifically targeting one of either hip or knee joint and muscles following THA or TKA. [13] [14] [15] [16] [17] [18] The three balance exercises were selected by the two physical therapists based on their experience with working with patients with THA and/or TKA with an objective to keep the balance exercises simple, safe, and easy to perform by the study participants.
Outcome measurers
Prior to the intervention, the patients were evaluated during their first home visit by their physical therapist using four outcome measures: two self-report questionnaires-the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and the Activities-specific Balance Confidence (ABC) Scale-and two performance tests, the Berg Balance Scale (BBS) and the Timed Up and Go (TUG) test. Following the 5-week intervention, all patients were evaluated by the primary investigator using the same outcome measures in a biomechanics laboratory at an academic center. Although assessment sites for the baseline (home setting) and follow-up (laboratory setting) were different, all attempts were made by the therapists to standardize the equipment and the space needed to perform the tests.
BBS.
The original 14-item BBS was designed to assess balance in the elderly and has been demonstrated to be valid, reliable, and responsive. 21 It includes 14 simple balance tasks, which are scored on a 5-point ordinal scale (0, 1, 2, 3, and 4), with a maximum total score of 56. Higher scores on the BBS indicate better balance. The BBS is a commonly used clinical test of balance in which all 14 performance tasks focus on balance 21, 22 and has been previously used to assess balance in patients following hip fracture 23, 24 and knee OA. 25 TUG. The TUG is a test of functional mobility completed using a single chair and a 3-m walkway. It combines standing up, walking, turning around, and sitting down. The TUG test has been reported to be reliable, valid, and responsive for assessing functional mobility in a frail elderly population. 26 The subject is timed while he/she rises from an armchair, walks 3 m, turns around, walks back to the chair, and sits back down. The faster the time, the better is the subject's physical function. Additional information on whether the subject used any assistive devices such as cane, used any footwear, or required any other assistance is recorded. The test is simple, quick, and requires no special equipment and has been used to assess balance in the elderly 27 and in the middle-aged women following interventions to improve balance. 28 WOMAC. The WOMAC is a self-administered, disease-specific questionnaire used to assess patients having OA of the hip and/or knee and has been demonstrated to be valid, reliable, and responsive. 29 It consists of 24 questions distributed among three subscales: (1) a pain subscale with 5 questions, (2) a stiffness subscale with 2 questions, and (3) a physical function subscale with 17 questions. The WOMAC allows patients to make their responses using 5-point scales (0, 1, 2, 3, 4) with the total possible score being 96. Higher scores on the WOMAC indicate greater pain and stiffness, and greater difficulty in performing selected functional activities. While the WOMAC requests information from patients about their physical function rather than balance per se, it is very commonly used to assess patients with THA or TKA. 15, 17, 19, 29 Although typically reported as a total score, the strong relationship between the pain and functional subscales of the WOMAC reported by Stratford et al. 30 suggests the use of function subscale score of the WOMAC in place of the total score. Subsequently, the WOMAC-function subscale scores were used in all analyses in this study.
ABC. The ABC was developed by Powell and Myers 31 and was demonstrated to be valid, reliable, and responsive to assess the level of patient's balance confidence in performing specific activities. The ABC has 16 items and is scored on a 0%-100% response scale. An average of scores for all items is calculated as patient's total ABC score. The ABC is simple and easy to understand and takes 5-10 min to complete and score. The ABC has been used to assess fall-related self-efficacy in elderly patients after hip fracture. 32 
Statistical analyses
Mann-Whitney U tests were used to compare subjects who completed testing on the baseline assessment but not on the follow-up assessment (drop-outs) with the subjects who completed testing on both test occasions (completers). Subsequent analysis was confined to subjects who completed testing on both occasions. A two-way analysis of variance (ANOVA; two surgical groups (TKA, THA) by two exercise groups (TE, TE + B)) was used to compare the surgical and exercise groups' age, height, and mass, and the baseline outcome scores.
Three-way ANOVA tests with a repeated measure were used to examine each of the four outcome measures (two surgical groups (THA, TKA) by two exercise groups (TE, TE + B) by two occasions (baseline, follow-up)). These ANOVAs were preceded by Levine's test to examine the homogeneity of variance assumption. All statistical tests were completed using STATISTICA 33 and used the 0.05 level to denote statistical significance. Statistically significant F ratios were explored further using Bonferroni post hoc tests. For the WOMAC, only scores on the WOMACfunction subscale were used for analyses.
A priori power analysis using data from a previous study with subjects with TKA 34 indicated that a sample of 20 participants in each group would have a power of 0.80 to detect a difference of five standard deviations between groups on the BBS at a significance level of 0.05. Patients with THA and TKA were pooled together to provide an adequate sample size in this study.
Results
A total of 63 patients recruited for the study were randomly assigned to the TE or the TE + B group. Of these, 30 patients with THA and 33 patients with TKA belonged to the TE group (n = 33) or the TE + B group (n = 30). A total of 54 patients completed the four outcome measures on both occasions and were included in the statistical analysis (Figure 1) . Demographic information for patients who completed testing on both occasions is presented in Table 1 . No statistically significant differences in age, height, or body mass were observed between the surgical (THA, TKA) and exercise (TE, TE + B) groups on the baseline scores (p > 0.05).
Scores on the BBS, TUG, WOMAC-function, and ABC for the TE and TE + B groups are presented in Table 2 . Only the TUG scores were characterized by a significant Levine's test (p < 0.05). Subsequently, variance stabilization transformation (natural logarithmic) 35 was used for the TUG scores to meet the necessary assumption of homogeneity of variances. The three-way ANOVAs for the four outcome measures produced several statistically significant F ratios (Table 3) , summarized as follows. First, the differences between the groups, the TE + B group demonstrated significantly greater improvement from the baseline to follow-up than did the TE group on the BBS (p < 0.01; Figure 2 ) and the TUG (p < 0.01; Figure 3 ). Second, differences between the groups with respect to occasion, the follow-up scores on the BBS, TUG, WOMACfunction, and ABC were significantly improved over the baseline scores on all four ANOVAs (p < 0.01).
No significant differences in age, height, body mass, or performances on the BBS, TUG, WOMAC-function, and ABC (baseline) were observed between the 9 participants who dropped out and the 54 participants who completed the study (p > 0.05).
Discussion
Following THA or TKA, patients who received home physical therapy irrespective of their exercise groups demonstrated significant improvement on all four functionally oriented tests. Although this finding supports the traditional clinical belief that balance will improve following a typical exercise program alone, this study did observe that those who performed balance exercises in addition to typical exercises demonstrated significantly greater improvement in the balance-oriented tests (BBS and TUG) than those who performed typical joint ROM and muscle strengthening exercises alone. These results suggest that should the therapist believe that balance is of key importance for their patient, the use of simple balance exercises can readily lead to improvement in this component of many functional activities as determined within a relatively short period of 5 weeks.
Similar improvement in balance has been reported by Liao et al. 36 in patients with knee replacement after administering a balance exercise program. However, the study by Liao et al. 36 included patients who had surgery 2 months before they started participation in the exercise program, and therefore, the patients' TUG scores were lower at baseline assessment (12 ± 1 and 13 ± 2 for the control and experimental groups, respectively). In this study, the patients were recruited 7-10 days after the THA or TKA surgery, and therefore, the patients' TUG scores were comparatively higher at baseline assessment. At the completion of this study, the patients' TUG scores had significantly reduced. This study was completed before the end of 2 months' duration following THA or TKA surgery.
Improvements in balance as observed in this study have also been reported in previous studies following balance intervention in patients with other health conditions. Diracoglu et al. 37 in an 8-week study reported improvement in balance from kinesthesia and balance exercises added to strengthening exercises as compared to strengthening exercises alone in female patients with knee OA. Williams et al. 38 also reported improvement in balance following a home-based balance exercise program in women with lower limb OA or rheumatoid arthritis on balance measures such as functional reach test, but no differences were observed on the WOMACfunction scores. Hiroyuki 3 reported significant improvement in balance measures such as one leg stand test, functional reach test, and the TUG following balance and gait exercise in the frail elderly population. Similar improvements in balance following balance exercises have also been reported in patients with stroke 39 and multiple sclerosis. 40 No significant differences were observed between the exercise groups on the WOMAC-function or the ABC. This finding may reflect the lack of balance orientation of these outcome measures compared to the BBS and the TUG. The BBS is designed to assess balance while performing 14 functional tasks, and performance on the TUG relies heavily on the patient's balance during transfers and walking. The WOMAC-function and the ABC, on the other hand, are self-report questionnaires which rely on the patient's subjective assessment of their performance, without actually requiring the patient to perform the tasks described in the questions, [41] [42] [43] not all of which include a balance-related component.
In this study, no differences were observed between the THA and the TKA patients on the outcome measures. Subsequently, data for THA or TKA patients were pooled together. Previous studies have reported no differences between patients undergoing THA and those undergoing TKA at 6-month follow-up after surgery. 44, 45 Whereas previous studies have used typical joint ROM and muscle strengthening exercises following THA or TKA, [13] [14] [15] [16] [17] [18] [19] to our knowledge, this study is thought to be the first to assess the utility of adding balance exercises for these patients in the acute post-operative phase following THA or TKA. We chose to add balance exercises to a typical acute post-operative exercise program, rather than replacing some of the typical exercises with balance exercises. Liao et al. 36 have used a similar strategy to administer balance exercise program to the patients in experimental group following TKA. Since neither the typical exercises nor the balance exercises used following THA or TKA are standardized among therapists, it was unclear which exercises would best be replaced in order to match the two exercise programs on the number of exercises to be completed. Furthermore, we believed that a treatment effect that could be confidently linked to the balance exercises alone needed to be demonstrated before attempting to replace some of the typical ROM and muscle strengthening exercises with balance exercises. As a result, the balance exercises-added option was considered to be the most practical means to initially assess the viability of balance exercises and to optimize the chances of finding a balance effect if it existed. The seven typical joint ROM and muscle strengthening exercises and three balance exercises were selected by two physical therapists who routinely provide physical therapy to THA or TKA patients following surgery and who both had 3-4 years of clinical experience. They were guided by the exercises utilized in previous studies, [13] [14] [15] [16] [17] [18] as well as their own clinical experience. In this study, the same three balance exercises were used for patients following THA or TKA surgery. These exercises were selected for their simplicity and the ability of all patients to complete them. All patients were able to perform all of the typical exercises, and patients in the typical plus balance exercise group were able to perform all of the balance exercises for the recommended 10 repetitions and frequency of three times per day by their second home visit. All patients reported completion of all exercises at the recommended frequency and number of repetitions with the exception of three patients (one in the typical plus balance exercise group and two in the typical exercise group) who did not perform exercises for a day due to a prior engagement.
Although nine patients completed testing at baseline, but not at follow-up, neither their demographic variables nor their functional scores at baseline differed significantly from those of patients who completed the study. Also, the nine patients who dropped out were not included in the final analyses. For these reasons, we believe that the patients who dropped out of the study did not affect the outcome of the study. From a clinical standpoint, patients undergoing THA or TKA tend to be elderly, have other medical conditions, and have transportation and mobility issues which may contribute to their dropping out. Previous investigators have reported similar proportions of drop-outs during the postoperative rehabilitation phases. 16, 17, 36, 43, 46 Several limitations of this study need to be recognized. Participants in the study comprised a sample of convenience that was referred to home-based, outpatient physical therapy within a limited geographical area. Furthermore, all patients had been advised by their physician to weight-bear as tolerated on the operated limb; nonweight-bearing or partial weight-bearing patients were excluded. The assessor was not blinded to the patients' exercise group assignment during assessment at follow-up, and the assessments at follow-up were carried out in a laboratory setting as opposed to the patient's home setting at baseline. Although assessments were done by two different assessors at baseline and by one at follow-up, interrater reliability of outcome measures was not evaluated before completing the assessments. The total duration for home exercise program for patients in the typical plus balance exercise group was slightly longer than those in the typical exercise group to accommodate the additional balance exercises. In addition, this study examined the effectiveness of balance exercises after a relatively shortterm intervention of 5 weeks in the acute post-operative phase following THA or TKA. Pre-surgical and longer term (12-24 weeks post-surgery) assessments were not completed. The involvement of the hip and knee joint proprioception in maintaining balance in patients was not the object and so not assessed in this study.
In conclusion, this study suggests that balance exercises in addition to typical joint ROM and muscle strengthening exercises in the acute post-operative phase following THA or TKA can result in significantly greater improvements in balance with a 5-week intervention period, compared to a typical postoperative physical therapy program alone. In clinical situations where the therapist considers improvement in balance to be important, balance exercises such as those used in this study may provide a practical means to rapidly improve balance. 
